Background
The occurrence of early ST following percutaneous coronary intervention (PCI) for ACS remains a clinical problem despite advances in stent technology in both bare-metal and drug-eluting stents.
Methods
Sixty-seven stented coronary lesions from 59 patients who presented with ACS and died within 30 days were included. Stented segments were cross sectioned at 3 to 4 mm intervals and evaluated by light microscopy, and morphometric analysis was performed.
Results
Early ST (<30 days of PCI) was identified in 34 (58%) of the 59 patients. Early ST was dependent on the underlying plaque morphology and underlying thrombus burden: presence of necrotic core prolapse was more frequent in thrombosed lesions compared with patent lesions (70% vs. 43%, p ¼ 0.045) and maximal underlying thrombus thickness was significantly greater in thrombosed versus patent lesions. All 3 patients with false lumen stenting had ST. Detailed analysis revealed that the percent of necrotic core prolapse, medial tear, or incomplete apposition was significantly greater in the early ST compared with patent group (28% vs.11%, p < 0.001; 27% vs. 15% p ¼ 0.004; and 34% vs. 18% p ¼ 0.008, respectively). Multivariate analysis revealed that maximal depth of strut penetration, % strut with medial tear, and % struts with incomplete apposition were the primary indicators of early ST.
Conclusions
The current autopsy study highlights the impact of thrombus burden and suboptimal stent implantation in unstable lesions as a trigger of early ST, suggesting that improvement in implantation technique and refinement of stent design may improve clinical outcomes of ACS patients. Recent guidelines endorse early invasive approaches for patients presenting with acute coronary syndromes (ACS) (1) (2) (3) (4) . Primary percutaneous coronary intervention (PCI) with either drug-eluting (DES) or bare-metal stents (BMS) is the treatment of choice for such patients worldwide, however, higher risk of stent thrombosis (ST) along with increased mortality and morbidity compared to those with stable coronary disease has been reported, especially within 30 days (5-7). Aoki et al. (8) reported similar rates of ST in DES and BMS (1.4%) in ACS patients within 30 days and a lower rate of 0.3% to 0.5% in patients in stable condition. The etiology of early ST (within 30 days) in DES and BMS is multifactorial. Clinical studies implicate multiple factors comprising clinical demographics such as insulinrequiring diabetes mellitus, renal failure, pharmacotherapeutic conditions (pre-procedural thienopyridine administration and inconsistent antiplatelet drug use), angiographic lesion characteristics (greater burden of coronary atherosclerosis), and interventional procedure-related factors (smaller final stent minimal lumen diameter) as predictors of early ST (8, 9) . However, the histopathology of early ST has not been well characterized, especially in the setting of ACS. Therefore, the present study sought to determine the morphologic predictors of early ST, using human autopsy hearts retrieved from patients presenting with ACS and dying within 30 days following stent implantation.
Methods
Lesion selection and histology processing. All cases with stent implantation in coronary arteries were retrospectively reviewed from our autopsy stent registry obtained from medical examiners and hospital based pathologists submitted in diagnostic consultation between the years 2004 and 2012. Consecutive cases presenting with ACS and dying within 30 days following stent placement were selected and analyzed in this study. The lesions with stents implanted for >30 days, stenting of nonculprit lesions, stents deployed in saphenous vein grafts, and repeat stenting due to early ST were excluded from the analysis (Fig. 1) .
Clinical information regarding patient characteristics and disease conditions were acquired from medical examiners and submitting hospital based pathologists at autopsy. The hospital records and catheterization laboratory reports were available in a limited number of cases (21 cases). A total of 67 lesions from 59 patients were analyzed to determine the histopathologic characteristics related to ST. ST was defined as plateletrich thrombus that occupied >30% of the cross-sectional area of the lumen (10) . The stented arteries were processed as previously described (11) . A total of 551 cross sections of stented coronary arteries were histologically evaluated. The nonstented coronary arteries proximal and distal to the stented segment and distal myocardium were also assessed (12) . Determination of cause of death. The cause of death was determined after careful review of patients' medical history, available catheterization laboratory reports and evaluation of histopathologic findings. Stent-related cause of death was defined as death directly attributable to the implanted stent (any adverse event secondary to stent implantation) with or without evidence of myocardial ischemia in the supplying territory (e.g., ST or secondary dissections resulting in acute ischemia, coronary vessel rupture, and embolic phenomenon). Non-stent-related cardiac death was defined as death attributable to nonstented severe coronary artery disease or noncoronary causes of cardiac failure (e.g., heart failure) with or without evidence of myocardial ischemia. Noncardiac death was defined as death attributable to noncardiac causes from organ or multiorgan failure (e.g., stroke, kidney failure, infection) or unnatural death. Histomorphological assessment of factors associated with early ST. The type of underlying plaque was classified according to the modified American Heart Association classification (13) . Morphometric measurements of underlying plaque and medial wall characteristics were determined as previously described (11) . Sections with side branch >1 mm diameter were excluded only for morphometric measurements.
The following histomorphometric parameters were measured to examine the underlying causes of ST: % struts penetrating into necrotic core (NC) per section, NC area, depth of strut penetration into NC; % struts associated with medial tear per section, medial tear length, medial tear arc; % struts with incomplete apposition per section, incomplete apposition area (area between stent struts and underlying arterial wall), and incomplete apposition distance. To identify an association between the underlying thrombus related to the occurrence of ACS ("index thrombus") the section with the maximal underlying thrombus was selected and the maximal thickness of underlying index thrombus was measured in mm by morphometry. Medial tear was defined as complete separation of the media in the stented segment. In the nonstented regions of the native coronary arteries, proximal and distal to the stented segment, the presence of severe stenosis (!75% cross-sectional luminal narrowing) and NC prolapse (uncovered ruptured NC), and extent of medial dissection and intimal tears, were also recorded. Nakano et al. June 17, 2014 June 17, :2510 Pathology of Early Stent Thrombosis consecutive sections measured from each lesion (14) . Comparison of each pair of groups was on the basis of the estimated marginal means with sequential Bonferroni correction. For GEE with an assumed binomial distribution, a logistic link function, and an AR(1) structure in the correlation matrix was used to assess binomial data. To identify risk factors of ST within our given set of autopsy data, univariate regression analysis was performed with ST as binary response variable. Once significant parameters were found, they were entered into a stepwise multivariate logistic regression analysis model to investigate independent risk factors. Factors entered into the multivariate model included underlying lesion morphology, maximal depth of strut penetration, % strut with medial tear, and % strut with incomplete apposition. In order to account for intracluster effects of multiple measurements within a given subject, GEE modeling was applied as previously described. All analyses were performed with the SPSS software (version 19, IBM Corporation, Armonk, New York) and JMP5 (SAS Institute, Cary, North Carolina). All reported p Values were determined by 2-sided analysis and values of <0.05 were regarded as statistically significant.
Results
Patient demographics. Early ST was identified in 37 lesions from 34 patients whereas no evidence of ST was observed in the remaining 25 patients at autopsy. There was no significant difference in age, sex, indication for PCI, and past medical history between patients with and without ST ( Table 1 ). Information about antiplatelet medication at the time of patients' demise was available in 34 of 59 patients ( Table 1 ). All of the 34 patients with early ST died of stentrelated death. Of 25 patients without ST, causes of death were stent-related death in 3 patients, non-stent-related cardiac death in 17 patients, and noncardiac death in 3 patients. Stent-related death in the absence of ST was observed secondary from distal dissection (n ¼ 1), coronary perforation (n ¼ 1), and side branch occlusion secondary to stenting (n ¼ 1) (Online Table 1 ). Myocardial examination revealed 12 cardiac ruptures (6 patients with early ST and 6 patients without early ST). The electrocardiogram readings at the time of diagnosis showed ST-segment elevation myocardial infarction in 16 patients and non-ST-segment elevation myocardial infarction in 13 patients (Table 1 ). In 2 patients without early ST, a cardiac cause of death could not be determined as myocardial tissue was not available for diagnostic consultation. In the present study, pathological information regarding the myocardium was available in 33 of 59 patients, and all 33 had myocardial infarction by histologic examination (Table 1 ). In the thrombosis group (all stent-related death; n ¼ 17 had myocardium examined histologically), there were 11 patients with transmural myocardial infarction, whereas 6 had subendocardial infarction. In the patent group (only 3 had stent-related death; n ¼ 16 had myocardium examined histologically) only 1 patient dying of stent-related death had transmural myocardial infarction (Table 1) . Lesion characteristics. Table 2 summarizes lesion characteristics stratified by the presence (n ¼ 37) or absence of thrombosis (n ¼ 30) within the stented segment. There were no significant differences in stent location in the coronary tree and stent implant duration (i.e., time from stent deployment to death) between thrombosed and patent lesions. The incidence of ST was not different between stent types (BMS vs. DES, p ¼ 0.62; sirolimus-, paclitaxel-, zotarolimus-, and everolimus-eluting stents, p ¼ 0.71) ( Table 2 ).
The presence of NC prolapse was identified in 70% of thrombosed lesions compared with 43% in patent lesions (p ¼ 0.045). The incidence of medial tear was similar in these groups (thrombosis 49% vs. patent 60%, p ¼ 0.46). There were 9 lesions with stents implanted in the main branch that covered minor side branches (1 to 2 mm). Occlusive thrombus formation in the side branch was significantly more frequent in the thrombosis group compared to the patent group (thrombosis 22% vs. patent 3%, p ¼ 0.035). Furthermore, there were 7 cases involving true bifurcation stenting where a 2-stent technique was used and the frequency of bifurcation stenting was similar between ST and patent lesions (p < 0.99) ( Table 2 ). There were 3 cases of false lumen stenting secondary to medial dissection and all resulted in acute/subacute ST and were allocated to the thrombosis group. The maximal thrombus thickness at the site of greatest thrombus burden was significantly greater in the thrombosis compared to the patent group (thrombosis 0.22 mm vs. patent 0.07 mm, p ¼ 0.001).
In the nonstented segments proximal and distal to the stented segment, severe stenosis (>75% cross-sectional area narrowing), NC prolapse, medial dissection, and intimal tear were observed not uncommonly with a higher incidence seen in arteries with thrombosis than in patent arteries ( Table 2) . In addition, major medial dissection, which was defined as severe luminal narrowing due to medial dissection (thrombosis 8% vs. patent 0%, p ¼ 0.25), and minor medial dissection (thrombosis 43% vs. patent 30%, p ¼ 0.32) were not significantly different. Intimal tears were also frequent and not significantly different (thrombosis 38% vs. patent 40%, p > 0.99). Per sectional analysis of histomorphological features associated with early ST. A total of 551 cross sections from 67 stented lesions were classified into 3 groups: (A) sections with presence of thrombosis within ST lesions (n ¼ 124); (B) sections without thrombosis within ST lesions (n ¼ 175); and (C) sections without thrombosis within patent lesions (n ¼ 252). Morphometric assessment revealed that the extent of NC prolapse (% struts penetrating into the NC, NC area, and depth of strut penetration into NC), medial tear (% struts with medial tear, medial tear length, and medial tear arc), and incomplete apposition (% struts with incomplete apposition, incomplete apposition area, incomplete apposition distance) were significantly higher in sections with thrombus compared to patent sections (Table 3) . Of 124 sections with thrombus, 73% were associated with at least 1 of the following features: NC prolapse (28%), medial tear (27%), or incomplete apposition (34%), whereas only 38% of 427 sections without thrombosis had similar features (Figs. 2 to 4) . To examine the role of culprit lesion pathology in early ST of patients presenting with ACS, we identified culprit sections within the underlying lesions (rupture, erosion, and calcified nodule) and nonculprit sections (thin-cap fibroatheroma [TCFA]/ fibroatheroma and pathologic intimal thickening/fibrous/ fibrocalcific). NC prolapse, medial tear and incomplete strut (13) Values are mean AE SD, n (%), or median (interquartile range). *Clinical information regarding the electrocardiogram at the time of diagnosis was available in 29 of 59 patients. yPathological information regarding the myocardium was available in 33 of 59 patients because the diagnostic consulting cases without myocardium were submitted in our stent registry. zLatest prescription at the time of patient's demise. xIn 2 cases without early stent thrombosis, a cardiac cause of death could not be determined as myocardium was not available. kThree cases were distal dissection, coronary perforation, and side branch occlusion for secondary to stenting. ASA ¼ acetylsalicylic acid; CABG ¼ coronary artery bypass graft; MI ¼ myocardial infarction; NSTEMI ¼ non-ST-segment elevation myocardial infarction; PCI ¼ percutaneous coronary intervention; STEMI ¼ ST-segment elevation myocardial infarction.
apposition were shown to be independently associated with the occurrence of ST. In detail, the maximal depth of strut penetration, the percent of struts with medial tear and the percent of struts with incomplete apposition were significantly and independently related to ST. There was a significant difference in the underlying pathology of the diseased artery (p < 0.001), with rupture more commonly observed in sections with presence of ST (Table 4) .
Discussion
The present autopsy study examined the histopathological causes of early ST in patients experiencing ACS. In this regard, the most salient findings of the current study can be summarized as follows: 1) prolapse of NC was significantly greater in thrombosed compared to patent lesions; 2) plaque rupture as precedent of ACS was significantly greater in sections with thrombosis compared to patent sections; and 3) the extent of NC prolapse, medial tear, and incomplete strut apposition were significantly greater in thrombosed compared to patent sections. NC prolapse, medial tear, and incomplete strut apposition were independent risk factors associated with ST.
Relationship of underlying plaque morphologies to early ST. Clinical intracoronary imaging studies have reported that the underlying plaque morphology influences the outcome following PCI. Porto et al. (15) demonstrated in patients presenting with non-ST-segment elevation myocardial infarction or stable angina that the presence of underlying TCFA prior to stenting and intrastent thrombus as assessed by optical coherence tomography (OCT) were related to periprocedural myocardial infarction. In the current autopsy study, the underlying plaque morphology was not found to be an independent predictor of early ST owing to the abundant presence of plaque rupture in the setting of ACS patients with an inherent selection bias for adverse events.
NC PROLAPSE. NC is known to be highly thrombogenic as compared to other components of atherosclerotic plaque, Values are n (%), mean AE SD, and median (interquartile range). *One stented lesion contained SES and PES. ySections at branch points were excluded from morphometric measurements. zCross-sectional % area stenosis in native nonstented coronary artery. xMajor medial dissection was defined as severe luminal narrowing due to medial dissection. BMS ¼ bare-metal stent(s); DES ¼ drug-eluting stent(s); EEL ¼ external elastic lamina; EES ¼ everolimus-eluting stent(s); LAD ¼ left anterior descending coronary artery; LCx ¼ left circumferential coronary artery; LM ¼ left main coronary artery; NC ¼ necrotic core; PES ¼ paclitaxel-eluting stent(s); RCA ¼ right coronary artery; SES ¼ sirolimus-eluting stent(s); ZES ¼ zotarolimus-eluting stent(s).
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Pathology of Early Stent Thrombosis June 17, 2014 June 17, :2510 and the thrombogenicity is even amplified as the blood contacting surface area increases (16) . This has been corroborated by both pathologic and intravascular ultrasound (IVUS) studies demonstrating that intrastent plaque material protrusion was associated with early ST (17,18). Choi et al. (17) showed that the maximal intrastent tissue protrusion area and volume by IVUS were predictors of early ST. Our current histologic study is in clear agreement with these observations as deeper strut penetration as well as presence of larger NC were both determinants of early ST. This further emphasizes the need for accurate recognition of the size and extent of NC content in the underlying plaque in order to determine treatments that will either passivate or prevent this thrombotic milieu from occurring.
MEDIAL TEAR. To date, the association of intrastent medial tear with early ST has not been reported in clinical or pathological studies. In the clinical setting of unstable plaque, we are unaware of instances where intrastent medial tear has been reported to trigger thrombosis after stenting. This may likely be explained by the fact that current angiographic imaging modalities lack the capability to assess medial wall and plaque morphology after deployment of balloon-expandable stents. An important finding of our study was that medial tear length rather than the pure incidence of medial tear within the stented segment was significantly associated with the occurrence of early ST. This phenomenon is explained by the different level of analysis (lesion-based vs. section-based analysis) owing to the fact that dynamic measurements such as medial tear length can only be assessed on a cross-sectional level and may be more predictive of ST than lesional assessment. On the other hand, the presence of medial dissection and intimal tears within the nonstented proximal/distal segments was 49% and 38%, respectively, in ACS culprit lesions and not significantly different among thrombosed and patent lesions. These findings are in contradiction to clinically studies that have suggested that intimal edge dissections is most relevant for the occurrence of early ST (17) (18) (19) . However, inability to distinguish intimal tears from true medial dissection with current intravascular imaging techniques may help to explain this contradiction.
Additional support for this view can be derived from human autopsy studies that have shown that not only NC, but also vascular smooth muscle cells (SMCs) and adventitial tissue, are important sources of tissue factor, the major component responsible for triggering the extrinsic pathway of coagulation (20, 21) . Furthermore, animal studies have reported that vascular injury induced a rapid increase in tissue factor expression in the media and adventitia, with enhanced thrombogenicity (22, 23) . We demonstrated that medial tear was an important risk factor of early ST. Thrombosis may ensue when a large amount of tissue factor Nakano et al.
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Pathology of Early Stent Thrombosis is released into the blood from the adventitia or from medial SMCs following medial tear from excessive injury during stenting (24) . An alternative hypothesis refers to the proinflammatory environment induced by SMC injury resulting in release of tissue factors and other pro-coagulants. Thrombin and platelet-derived growth factor cause SMCs to produce interleukin 6, leading to hepatic synthesis of pro-coagulant proteins such as fibrinogen and plasminogen activator inhibitor 1 (25, 26) . As a result, local stimulation of SMCs in the arterial wall may augment the inflammatory response and promote a pro-coagulant state within the arterial wall.
INDEX THROMBUS BURDEN.
A number of clinical studies have shown a significant association between underlying thrombus burden in the setting of ACS and the occurrence of acute ST and/or incomplete apposition (17, 27, 28) . The putative explanation of this phenomenon pertains to an underestimation of true vessel size by angiography in the presence of thrombus. As the thrombus organizes over time, incomplete apposition may be observed. The current autopsy study supports this hypothesis by establishing an association between underlying thrombus burden and the occurrence of ST, whereas a direct association with incomplete apposition could not be shown owing to the single time-point analysis of all autopsy studies. Whereas incomplete apposition was reported to be a risk factor for the occurrence of late ST at autopsy, this association remains controversial in the clinical setting.
Impact of suboptimal stenting on early ST. Angiographic and IVUS studies have suggested that the presence of residual edge dissection and significant stenosis in proximal and/or distal reference segments can increase the risk of early ST (7, (17) (18) (19) 29) . The results of the current study are in agreement that significant edge stenosis may substantially increase the risk of early ST, whereas no causal relationship
Figure 2 Histology of Early Stent Thrombosis Related to NC Prolapse
A 69-year-old woman patient presented with acute myocardial infarction (AMI). After successful implantation of a bare-metal stent in the left anterior descending coronary artery (LAD), the patient experienced pulseless electrical activity and died. Left column shows postmortem X-ray revealing moderate calcification. Middle column shows low-power photomicrographs of cross-sectional histology in the stented coronary segment. The stent is deployed in a ruptured plaque with a large necrotic core (NC). Stent struts (asterisks) are embedded deeply into NC. Right column shows high-power images of the insets of mid column, demonstrating strut penetration into NC and thrombus (Thr) formation in the lumen. Ca þþ ¼ calcification.
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Pathology of Early Stent Thrombosis June 17, 2014 June 17, :2510 was noted for intimal edge dissections. However, the limited number of lesions with relevant intimal edge dissections may have precluded from detecting significant association. On the other hand, a clear incremental risk of early ST was noted for medial tear within the stented lesion, suggesting a better understanding of plaque morphology is needed in these patients. Our study further suggests that the severity of damage rather than its mere presence is relevant to thrombosis following stent implantation. A clinical study of 20 acute myocardial infarction patients reported incomplete stent coverage of the culprit plaques (uncovered rupture/TCFA) occurred in 50% of patients treated by angiography-guided PCI (30) , and studies using near-infrared spectroscopy proposed that failure to completely seal the NC may result in early ST (31) . A similar trend was also noted in our current pathology study pointing towards a need to cover the entire length of NC. In our study, NC prolapse in the nonstented segment was observed in 4 lesions, however, due to the limited number of lesions, this did not reach statistical significance (Table 2) .
Our study further illustrated the importance of appropriate stenting; whereas complete stent apposition may be important to avoid incomplete apposition in rupture-prone lesions, excess medial tear secondary to high inflation pressure was found to be a major determinant of early ST. Owing to an increasing number of younger patients presenting with ACS, the findings of the current pathology study clearly suggest the use of intravascular imaging prior to stent implantation may be important. On the basis of our findings and the selected use of intravascular imaging in ACS patients, tailored interventional therapeutic approaches may be feasible. Incomplete apposition and incomplete expansion. In clinical studies, the incidence of incomplete stent apposition in lesions with early ST was reported to range widely, from 9% to 58% with IVUS; because of the wide range, the true impact of incomplete apposition remains unclear (7, 17, 18, 29, 32) ; however, our study suggests that this is an important factor. A clinical study of everolimus-eluting bioresorbable scaffolds demonstrated that incompletely apposed struts detected by OCT were more frequently accompanied by intraluminal masses than apposed struts even at 6 months following stenting (33) , indicating the association between incomplete strut apposition and ST. In the same scenario, in vitro studies in a blood perfusion model using silicone loops elucidated increased thrombogenicity in incompletely apposed metal struts compared to the apposed counterparts, and this result was validated by shifting flow patterns in computational models (34) . This study reported 2 important findings: no ordinal correlation between the incomplete apposition distance and thrombogenicity; and decreased thrombogenicity in DES with a polymer coating compared to BMS. In the current study, the proportion of incompletely apposed struts was a significant finding associated with the provocation of thrombosis, with the thrombus attached to the strut surface (Fig. 4) . Therefore, we hypothesize that the inherent thrombogenic property of surface materials contacting blood, in combination with the rheology of blood flow changes induced by the struts, may be a potent determinant of thrombosis. Further study by high resolution imaging modality such as OCT may be needed to confirm these findings in the clinical setting.
Previous studies report that stent expansion, defined as the ratio of minimal stent area to nonstented reference luminal area, is also a determinant of early ST in BMS and DES (18, 29) . In the current study the limited number of cases precludes us from assessing differences between DES and BMS. Abnormal shear stress by geometric aberration has been suggested as an inducer of thrombosis but the precise mechanism remains undetermined. More recently, other investigators have shown no relevant difference in stent expansion among cases with and without early ST (17, 35) . This may be explained by continued improvement of interventional devices, aggressive use of intracoronary imaging devices in the catheterization laboratory, and further refinement in anticoagulant regimens. In the current study, stent expansion in reference to proximal nonstented segment could not be assessed due to the shrinkage of nonstented coronary arteries during fixation and histologic processing (36) . Therefore, the impact of stent expansion could not be determined in the present study. Study limitations. The results of our study are derived from patients dying following interventional treatment after initial stenting, which may not necessarily be applicable to patients who received interventional treatment for ST and survived. Nevertheless, our analysis included a cohort of patients where ST was not the cause of death within 30 days, therefore balancing our findings. The limited information about therapeutic conditions, especially the status of dual antiplatelet therapy and clinical data, may preclude from understanding other important mechanisms of early ST in these cases. Despite the consensus of our previous pathological definition of ST as having a platelet-rich thrombus occupying >30% of cross-sectional luminal area, a limited number of ST cases submitted to our institution may have fallen below this threshold. Nevertheless, the previous and current pathological definition of ST warrants sufficient certainty that the patients' demises were stent related.
Within the given set of data, a specified analysis of histopathologic features pertaining to differences among stent types was beyond the scope of the current study because of limited number of cases. However, our study revealed that histological features such as NC prolapse, medial tear, and incomplete apposition are important substrates for ST in the limited number of cases available for analysis. Furthermore, the current multivariate analysis might be slightly overfitted by conventional standards; nevertheless, the most significant findings of our study were entered into this model, and we consider the findings as relevant and valid. Further clinical studies are required to confirm the significance and application of our findings in a larger cohort because the present study was limited to autopsy cases of early ST.
Conclusions
Our autopsy study revealed that underlying thrombus burden and suboptimal stenting leads to greater NC disruption, medial tear, and incomplete apposition, which are important factors in the induction of early ST. In contrast to the general perception that early ST may be regarded a mechanical failure of stent implantation, the current pathology study introduces a more differential view on the occurrence of early ST, including different biological mechanisms depending on the underlying plaque morphology. Further refinement of interventional devices and procedural modification may be required to improve clinical outcomes in patients presenting with ACS and the type of underlying plaque morphology for treatment with stenting. ) in the necrotic core prolapse group by univariate analysis. The p Values of % strut penetrating into necrotic core, necrotic core area, and mean depth of strut penetration were 9.9 Â 10 
